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PLANT AND VIRAL PROMOTERS 
TECHNICAL FIELD 

This invention relates to plant and viral promoters that confer high level gene expression on 
transgenic plants harbouring the promoters. The invention also relates to utilisation of the promoters 
5 in the construction of recombinant genes for plant transformation to enable expression at a certain time 
in a certain tissue and at a certain rate. In particular, the invention relates to promoters isolated from 
different isolates of banana-infecting badnaviruses. 

BACKGROUND ART 

Genetic-engineering of plants has proven to be an alternati ve method for plant breeding, and for 

10 the introduction of new desirable traits that are reflected in altered phenotypes. In addition, it provides 
a valuable tool for biological research. Plant genetic manipulation focuses on the cellular level of 
organisation and involves the interfacing of all aspects of cell biology, molecular biology and gene 
transfer procedures (Sharp et al. f Food Technology*, Feb. 1984, pp. 112-119). The genetic 
engineering tools of tissue culture, somaclonal and gametoclonal variation, cellular selection 

15 procedures and recombinant DNA are either indirectly or directly concerned with the enhanced 
expression and transfer of genes. An essential problem for this is the choice of a suitable promoter 
that results in the desired rate, location and time of gene expression. In the majority of applications of 
plant genetic engineering, a strong promoter is required to ensure that a sufficient amount of gene 
product is expressed. These applications include genetic manipulation of plants to obtain disease 

20 resistance or tolerance against plant-infecting viruses, bacteria, fungi or nematodes, to obtain 
resistance against herbivores, to obtain resistance against herbicides, heavy metals and selectable 
marker reagents, to obtain resistance against abiotic factors (e.g.. draught, salt. cold, and anaerobic 
conditions) to conduct functional analyses of genes and gene products for research, to confer silencing 
or enhancement of genes and gene products (modulation of gene expression), to modify the 

25 composition of macromolecules and secondary metabolites (e.g., to increase nutritional value or to 
alter structural composition^ to modify plant development, and to improve fruit or crop quality (e.g., 
post harvest shelf life or disease resistance). 

The function and mode of action of promoters have been studied extensively in both monocot 
and dicot plants. In most cases reporter genes such as the uidA gene encoding for p-glucuronidase 

30 (GUS; Jefferson et aL EMBO J, 6, 3901-3907 [1987]) or genes encoding anthocyanin production or 
the jellyfish green fluorescent protein (GFP; Chalfie et aL Science 263, 802-805 [1994]) are used to 
assay promoter activity in transient or stable gene expression systems. Promoters derived from 
monocot species often do not exhibit a regulated pattern of expression in transgenic dicots, whereas in 
transgenic monocots, they show a highly regulated expression (Shimamoto, Current Opinion in 

35 Biotechnology 5. 158-162 [1994]). Highly regulated expression patterns have been demonstrated for 
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several promoters in transgenic monocots, even though there is no absolute specificity.. These include 
light-inducible and leaf-specific promoters, seed-specific promoters, meristem-specific promoters, 
root-specific promoters, flower-specific promoters, hormone-inducible promoters, pathogen-inducible 
promoters and constitutive promoters. Within monocot and dicot plants it has been shown that 
promoters derived from species of the same group reveal the same or similar highly regulated 
expression pattern (Shimamoto, 1994, supra). 

For many purposes in plant genetic engineering, a strong nearly constitutive promoter is 
required to ensure sufficient expression throughout the plant. Several strong nearly constitutive 
promoters for the genetic manipulation of plants have been patented (e.g., the 35S promoter of 
cauliflower mosaic virus - see US patents No. 5,352,605, No. 5,164,316, No. 5,196,525, No. 
5,322,938 and No. 5,359,142). However, having more than one nearly constitutive promoter can be 
very useful when several different genes need to be expressed in plants (gene pyramiding). It has been 
frequently observed that gene silencing occurs in plants transformed with several genes that are each 
regulated by the same promoter (Flavell, Proc. Natl Acad. Set USA 91, 3490-3496 [1994]; Finnegan 
and McElroy, Bio/Technology 12, 883-888 [1994]; Matzke et al, Mol Gen. Genet. 244, 219-229 
[1994]; Park et al. 9 The Plant Journal 9, 183-194 [1996]). This problem is thought to be caused by 
homoiogy-based genetic interference and can be avoided using different promoters for gene 
pyramiding. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide promoters operative in plant cells which can be 
used in genetic engineering for regulation of gene expression. 

It is a further object of the invention to provide at least part of a chimaeric gene comprising one 
or more of the described promoters operatively linked to DNA encoding an RNA and/or polypeptide. 

According to a first embodiment of the invention, there is provided a promoter operative in a 
plant cell, said promoter comprising: 

1) isolated DNA from a badnavirus having a sequence as defined by SEQ ID NO: L SEQ 
ID NO: 2 or SEQ ID NO: 3; 

2) isolated DNA which is a viral homologue or a plant genome-derived variant of the DNA 

of(l): 

3 ) a promoter-active portion of the isolated DNA of ( 1 ) or (2); 

4) an isolated DNA which hybridises under stringent conditions to the DNA of (1) or (2); or 

5) a promoter-active portion of the isolated DNA of (4). 

According to a second embodiment of the invention, there is provided a DNA construct 
comprising at least one gene having at least one promoter according to the first embodiment 
operatively linked to a coding sequence. 
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According to a third embodiment of the invention, there is provided a _DNA construct 
comprising:- 

1) a first gene having at least one promoter according to the first embodiment operatively 
linked to a coding sequence; and 
5 2) a second gene having a promoter operatively linked to a coding sequence, wherein the 

expression product of said second gene coding sequence modulates activity of the expression product 
of said first gene coding sequence. 

According to a fourth embodiment of the invention, there is provided a method of expressing a 
product in a plant cell, said method comprising introducing a DNA construct according to the second 
10 embodiment or an RNA transcript of said construct into cells of a plant, wherein said DNA construct 
or RNA transcript coding sequence encodes said product. 

According to a fifth embodiment of the invention, there is provided a plant cell, wherein the 
genome of said plant cell includes a DNA construct according to the second embodiment or the third 
embodiment. 

15 According to a sixth embodiment of the invention, there is provided a plant, plant tissue or 

reproductive material of a plant, wherein said plant, plant tissue or reproductive material comprises 
cells according to the fifth embodiment. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 presents promoter-reporter gene constructs comprising promoter regions from the 
20 Australian banana-infecting badnavirus isolates from cultivars Mysore (My), Cavendish-type 
Williams (Cv) and Goldfinger (Go) in fusion with reporter genes (GUS or GFP). 

Figures 2 to 5 depict the results of transient promoter activity assays using promoter-reporter 
gene constructs of Figure 1 . 

Figure 6 is a comparison of different promoter activities under standardised transient conditions. 
25 Figures 7 to 13 depict the results of stable promoter activity assays using promoter-reporter 

gene constructs of Figure 1 . 

Figure 14 shows a semi-quantitative promoter activity comparison based on GFP production in 
transgenic sugarcane leaves. 

Figure 15 shows a quantitative promoter activity comparison based on GUS production in 
30 different tissues of transgenic banana plants 

Figures 16 to 18 depict putative promoter elements in the promoters pMy, pCv and pGo derived 
from the sequences presented as SEQ ID NO: I. SEQ ID NO: 2 and SEQ ID NO: 3, respectively. 
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BEST MODE AND OTHER MODES OF PERFORMING THE INVENTION 
The following abbreviations are used through this specification: 



10 



15 



ER 
GFP 

GUS 

MU 

MUG 

Nos 

p35S 

PCR 

pCv 

PEG 

pGO 

pMy 

pUbi 

ScBV 



endoplasmatic reticulum 

green fluorescent protein of jellyfish Aequorea victoria 
p -glucuronidase of Escherichia coli 
4-methylumbelliferone 
4-methylumbelliferyl-p-D-glucuronide 
nopaline synthase terminator of Agrobacterium tumefaciens 
cauliflower mosaic virus 35 S promoter 
polymerase chain reaction 

promoter region according to the sequence of SEQ ID NO: 2 
polyethylene glycol 

promoter region according to the sequence of SEQ ID NO: 3 
promoter region according to the sequence of SEQ ID NO: 1 
maize ubiquitin promoter, 
sugarcane bacilliform badnavirus 
So that terms used throughout the description will have a clear and consistent meaning, the 
following definitions are provided: 

Badnavirus: Bacilliform DNA virus. 
20 Coding sequence: A nucleic acid sequence that encodes a functional RNA transcript, which may 

or may not be subsequently translated into a polypeptide. 

Constitutive promoter: A promoter, which is active in the majority of cells in an organism. By 
use of the term nearly constitutive it is implied that the promoter will be in most cases active in all 
types of cells during plant development but may be active at a different rate in different types of cells 
25 during different stages of plant development. 

Homologue : A nucleic acid sequence from another organism or virus isolate that has a sequence 
identity (homology) of 60% or more with the sequence of SEQ ID NO: 1 over nucleotides 1538-2105, 
SEQ ID NO: 2 over nucleotides 850-1322 or SEQ ID NO: 3 over nucleotides 859-1297, or parts 
thereof that are longer than 200 bp, and has substantially the same function as the DNA sequence 
30 corresponding to SEQ ID NO: 1, SEQ ID NO: 2 or SEQ ID NO: 3. Preferably, the homologue has a 
sequence identity- of at least 70%, or more preferably, 75%. 

Plant genome-derived variant: DNA that is present in a plant genome and has a sequence 
identity (homology) of 60% or more with the sequence of SEQ ID NO: 1 (nucleotides 1538-2105), 
SEQ ID NO: 2 (nucleotides 850-1322) or SEQ ID NO: 3 (nucleotides 859-1297), or parts thereof that 
35 are longer than 200 bp. Preferably, the plant genome-derived variant has a sequence identity of at least 
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70%, or more preferably, 75%. 

Promoter: A DNA sequence flanking the coding sequence of a gene at the 5 f end thereof which 
includes an element or elements involved in the initiation of transcription of the coding sequence. 

The one letter code for nucleotides in DNA conforms to the IUPAC-IUB standard described in 
5 The Biochemical Journal 219:345-373 (1984). Percentages in the examples are given in 
weight/volume (w/v) unless otherwise stated. 

The present inventors have identified three promoter sequences in PCR-amplified cDNA 
sequences of the viral genome of Australian banana-infecting badnaviruscs from cultivars Mysore, 
Williams and Goldfinger. 

10 These promoters, as well as homologues from banana-infecting badnaviruses and plant genome- 

derived variants, can be used separately or in combination in conjunction with appropriate coding 
sequences to prepare transgenic plants capable of expression of the gene(s) of interest at a suitable 
level. 

DNA comprising the three promoters according to the invention can be obtained by cloning viral 

15 DNA from the genome of badnaviruses, such as the Australian banana-infecting badnaviais isolates 
from cultivars Mysore, Williams and Goldfinger. Badnavirus DNA isolated from infected Australian 
banana plants (cultivars Mysore, Williams and Goldfinger) can be fragmented with restriction 
enzymes and fragments can be subcloned into plasmids that can be multiplied in a host cell such as 
Escherichia coli. Alternatively, these promoter sequences can be generated by direct pohmerase 

20 chain reaction (PCR) amplification of genomic DNA. The required primers can be designed from the 
sequence data of SEQ ID NO: I, SEQ ID NO: 2 and SEQ ID NO: 3. Yet another method of 
producing promoters having sequences such as those present in SEQ ID NO: 1, SEQ ID NO: 2 and 
SEQ ID NO: 3 is by DNA synthesis. This is particularly the case if a promoter-active portion of a 
larger promoter sequence is desired where oligonucleotides of 10 to 100 nucleotides can be 

25 conveniently synthesised. Complementary oligonucleotides can also be synthetiscd to form a double- 
stranded molecule of the desired nucleotide sequence. 

As indicated above, the invention comprises not only promoters having the sequence of SEQ ID 
NO: 1. SEQ ID NO: 2 or SEQ ID NO: 3 but also homologues from banana-infecting badnaviruses and 
plant genome-derived variants (e.g. of plant genome-integrated badnaviruses or retrotransposons) of 

30 the SEQ ID NO: 1. SEQ ID NO: 2 or SEQ ID NO: 3 sequences. The invention further includes DNAs 
which hybridise with DNA comprising nucleotides 1538-2105, nucleotides 850-1322 or nucleotides 
859-1297 of SEQ ID NO: 1, SEQ ID NO: 2 or SEQ ID NO: 3, respectively, under stringent 
conditions. Homologues and plant genome-derived variants can have identity with the DNA sequences 
of SEQ ID NO: 1 (nucleotides 1538-2105) or SEQ ID NO: 2 (nucleotides 850-1322) or SEQ ID NO: 

35 3 (nucleotides 859-1297) as low as about 60%. The stringent conditions under which a promoter 
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according to the invention will hybridise with the DNA sequence of SEQ ID NO: 1 (nucleotides 1538- 
2105) or SEQ ID NO: 2 (nucleotides 850-1322) or SEQ ID NO: 3 (nucleotides 859-1297) can be 
defined as follows: 

Wash solution - 0. 1 x SSPE, 0.1% SDS 

Wash temperature - 65°C 

Number of washes - two 

(1 x SSPE is 180mM NaCI, lOmM NaH 2 P0 4 , ImM EDTA (pH 7.4)) 

Preferred promoter-active portions of promoter sequences of the invention are nucleotides 1538- 
2105 of SEQ ID NO: 1, nucleotides 850-1322 of SEQ ID NO: 2, and nucleotides 859-1297 of SEQ 
ID NO: 3. Even more preferred are nucleotides 1806-2105 SEQ ID NO: 1. nucleotides 1023-1322 of 
SEQ ID NO: 2, and nucleotides 998-1297 of SEQ ID NO: 3. 

DNA constructs according to the second and third embodiments can include more than one 
promoter operatively-linked to the coding sequence. These additional promoters can be identical 
promoters, derivatives of the same promoter, or heterologous promoters. In addition, operatively 
linked regulatory elements such as enhancers or silencers can be included in DNA constructs. 

In the DNA constructs of the second and third embodiments, the coding sequence to which the 
promoter or promoters are operatively linked can encode an RNA which functions as antisense RNA, a 
ribozyme or as a structural component, or is translated into a polypeptide which functions as an 
enzyme, a structural component or has some other physiological effect. The coding sequence can 
encode more than one RNA or more than one polypeptide. Furthermore, the coding region can encode 
a combination of at least one RNA and at least one polypeptide. Examples of transgene products 
which can be usefully expressed in transgenic plants using promoters according to the invention are 
products that help: 

1) to obtain disease resistance or tolerance against plant-infecting viruses, bacteria, fungi or 
nematodes, 

2) to obtain resistance against herbivores, 

3) to obtain resistance against herbicides, heavy metals or selectable marker reagents. 

4) to confer resistance against abiotic factors (e.g. draught, salt, cold, anaerobic conditions), 

5) to conduct functional analyses of genes and gene products for research, 

6) to confer silencing or enhancement of genes and gene products (modulation of gene 
expression), 

7) to modify the composition of macromolecules and secondary metabolites (e.g. to increase 
nutritional value or to alter structural composition), 

8) to modify plant development, or 

9) to improve fruit or crop quality (e.g. post harvest shelf life or disease resistance). 
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With reference to the third embodiment of the invention, the first gene of the DNA construct 
includes all the variations and options of the gene comprising the DNA construct of the second 
embodiment. The second gene of the DNA construct can have an expression product which either: - 
1 ) complements or enhances the effect of the expression product of the first gene; 
5 2) counteracts the expression product of the first gene; or 

3) modifies the activity of the first gene promoter(s). 

These options allow a high regulation of gene expression by linkage of a second gene with the 
strong expression mediated by the promoter(s) of the first gene. 

It will be noted from the Summary of the Invention that the invention includes transgenic plant 
10 cells with genetically engineered genomes including the DNA constructs of the second and third 
embodiments. These DNA constructs can also comprise recombinant viral sequences with one or more 
coding sequences of interest that either stably or transiently express in plant cells. Alternatively. RNA 
transcripts can be made from these constructs that can be used for transformation of plant cells. 

Techniques for introducing DNA into the genome of a plant are well known in the art and are 
15 described, for example by Sagi et al {Bio/Technology 13, 481-485 [1995]), May et al 
(Bio/Technology 13, 485-492 [1995]), Zhong et al. Plant Physiol 1 10, 1097-1 107 [1996]). 

DNA constructs according to the invention are advantageously introduced into the genome of 
target plant cells using methods including Agrobacterium-mcdiatcd transformation, biolistic 
bombardment with DNA-coated tungsten or gold particles, electroporated or polyethylenglycol (PEG)- 
20 mediated DNA transformation of protoplasts, vacuum infiltration and other mechanical DNA transfer 
techniques. Transgenic plant cells including the DNA constructs of the invention can be propagated 
using conditions appropriate to the particular plant. Similarly, whole plants, or propagating material 
of the plant, can be prepared from the initial transgenic cells using known methods and conditions. 

Promoters according to the invention can be used in monocotelydonous and dicotelydonous 
25 plants as well as in gymnosperms and ferns. For example, the promoters arc active in the following 
monocot species: sugarcane, banana, maize, millet, sorghum. Dicot species in which promoters of the 
invention are active include tobacco, canola, Tipu tree and Nicotiana benthamiana. Gymnosperm and 
fern species in which promoters according to the invention are active include radiata pine and fishbone 
fern, respectively. 

30 So that the invention may be better understood, several non-limiting examples follow. 

General Methods 

Manipulation of DNA was carried out using known methods such as those described by 
Sambrook et al (Molecular Cloning: a Laboratory Manual, 2nd Ed., Cold Spring Harbour 
Laboratory Press, Cold Spring Harbour NY [1989], the entire content of which is incorporated herein 
35 by cross-reference). Reagents and other material were obtained from commercial sources or as 
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otherwise indicated. 

EXAMPLE 1 
Cloning of the novel promoters 
Badnavirus isolates were obtained from infected leaf material from banana cultivars Mysore 
{Mwa group AAB) and Williams (Musa group AAA) from the Centre for Wet Tropics Agriculture, 
South Johnstone, North Queensland, Australia and Goldfinger (Musa group AAAB) from a field at 
DeeraL North Queensland, Australia. 

Badnavirus virions from cultivar Mysore were isolated using a modified protocol used for the 
purification of cocoa swollen shoot badnavirus (Lot et aL, J. Gen. Virol. 72, 1735-1739 (1991]). 
Laminar tissue was homogenised by blending in 6 volumes of extraction buffer (50 mM 
NaH2P04/Na2HP0 4 buffer (pH 6.1) containing 5 mM sodium diethyldithiocarbamate (DIECA). 0.2% 
thioglycerol, 0.5% polyethylene glycol (PEG) 6000 and 0.5% (v/v) celluclast (Novo Industries). An 
additional 2 volumes of extraction buffer was added and the preparation shaken at 100 rpm at room 
temperature for 5 h and incubated overnight at 4°C. The homogenate was filtered through four layers 
15 of cheesecloth and the filtrate centifuged at 3,950 rpm (3,000 x g) for 20 min at 10°C in an SW HS4 
rotor (Sorvall). NaCl to 0.2 M and PEG 6000 to 9.5% were added to the supernatant which was 
stirred for 15 min and then kept for 3 h at room temperature. The PEG precipitate was pelleted by 
centrifugation at 7,000 rpm (10,000 x g) for 20 min at 10°C in an SW HS4 rotor. The pellet was 
resuspended in 1/30 original extration volume of resuspension buffer (50 mM Na^POo/NazHPO-t, pH 
6.8, containing 0.2 M NaCl, 0.1 % Na 2 S03 and 5 mM EDTA) The suspension was clarified by 
centrifugation at 8,180 rpm (8,000 x g) in an SS34 rotor (Sorvall), the supernatant retained and the 
pellet again resuspended in 1/30 original extraction volume of resuspension buffer. The centrifugation 
was repeated, the supernatants pooled and the final pellet discarded. Celite (2 g per 30 g of starting 
material) was added to the supernatant, mixed and filtered under gentle suction through a Buchner 
25 funnel. NaCl to 0.2 M and PEG 6000 to 7% was added to the filtrate and the mixture transferred to a 
4 cm celite column. The column was prepared in a 2 cm diameter 30 ml syringe, and was equilibrated 
with resuspension buffer. The virus was eluted under gentle suction with the stepwise addition of 25 
ml aliquots of resuspension buffer containing 5%, 3%, 1% then 0% PEG 6000. The eluate from each 
step was centrifuged at 6,950 rpm (7,000 x g) for 10 min at 10°C in an SA 600 rotor (Sorvall), and 
30 the supernatant centrifuged at 50,000 rpm (25,500 x g) for 50 min in a 70Ti rotor (Beckman). Pellets 
were resuspended in 100 ^1 50 mM tri-sodium citrate buffer pH 7.0, an aliquot stained with equal 
volume of 2% potassium phosphotungstate negative stain and examined by electron microscopy for the 
presence of virus. 

Virus-containing fractions were pooled and layered onto 10-40% sucrose density gradients in 
35 citrate buffer and centrifuged at 35,000 rpm (16,500 x g) in an SW 41 rotor (Beckman). The 



20 



BNSDOCID: <WO 9900492A1> 



WO 99/00492 



PCT/AU98/00493 



9 

gradients were fractionated using an ISCO fractionator monitoring absorbance at 254 nm.and taking 
0.5 ml fractions. Fractions under peaks of absorbance were pooled, diluted in citrate buffer and 
pelleted by centrifugation at 53,000 rpm (29,000 x g) for 30 min at 4°C in a 75Ti rotor (Beckman). 
Pellets were resuspended in 50 ui citrate buffer, an aliquot stained with an equal volume of 2% 
5 potassium phosphotungstate solution and examined by electron microscopy for virus concentration and 
purity. 

Vims DNA was prepared using a total nucleic acid extraction method (Lot et ai t J. Gen. Virol 
72, 1735-1739 [1991]). A proportion of this was fragmented using XhoW and subcloned into 
pBluescript II _SK + (Stratagene) previously cut with BamHl and dephosphorilised. Sequences 
10 obtained from these clones were used as the basis for the design of the primer L2838-forward which 
was used in combination with the degenerate badnaT primer (see reference in Lockhart and Olszewski 
in Breeding Bananas and Plantain for Resistance to Diseases and Pests, pp, 105-113. J. Ganry, ed., 
Montpellicr, France, C1RAD/INIBAP, 1993) for PCR amplification. The sequences of the primers 
follow. 

15 L2838-forward (SEP ID NO: 4) : 

5 -CCC AGG AAT AAA CAC GAT TAT CAG TC-3 f 
badnaT (SEP ID NO: 5) : 

5'-CAC CCC CGG G(A/C)(C/T) (A/C)(A/T)(A/C/G/T) GCT CTG ATA CCA-3* 
The PCR mixture (containing 2.5 uJ 10 x PCR buffer (Gibco BRL), 0.625 u.1 50 mM MgCh 
20 solution, 1.125 uJ 20 uM L2838-forward primer, 2.5 (J 4 uM badnaT primer, 0.5 ul 10 mM dNTPs, 
0.2 ul Taq DNA polymerase (Gibco BRL), 16.55 ul H 2 0 and 1 ul of a 1:200 dilution of purified 
badnavirus DNA) was incubated in a Hybaid OmniGene Thermocycler (Stratagene) with 
programming conditions (94°C 2 min; 35 cycles of 94°C 0.5 min, 62°C 0.5 min. 72°C 2 min) 
according to the manufacturer's instructions. After clectrophoretic separation from other PCR 
25 products, a 2 kb product was subcloned into pCR-Script SK+ (Stratagene) according to the 
manufacturers instructions. This clone was named pCRBSV2. 

Badnavirus particles from Cavendish-type cultivar Williams and Goldfinger were prepared 
using a modified small scale virus particle concentration method of Ahlawat et al. t Plant Disease 80, 
590-592 (1996). Laminar tissue was ground to a powder with a mortar and pestle in liquid nitrogen. 
30 Two volumes of miniprep extraction buffer (0.2 M KTkPOVKzHPO.*, pH 7.0, containing 15 mM 
EDTA. 2% PVP, 2% PEG 6000 and 0.4% Na 2 S0 3 ) was added. After an additional grinding, the 
extract was filtered through four layers of cheesecloth. The filtrate was then centrifuged at 7 ? 000 rpm 
(10,000 x g) for 15 min at 4°C in an SW HS4 rotor (Sorvall) and the supernatant collected. To the 
supernatant, a 1/15 volume of 33% (v/v) Triton X-100 was added, the supernatant briefly shaken, then 
35 centrifuged through a 5 ml pad of 30% sucrose in 0.2 M KH2PO4/K2HPO4 buffer (pH 7.0) at 45,000 
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rpm (24,000 x g) for 45 min at 4°C in a 70Ti rotor (Beckman). The pellet was gently washed with 
distilled water and resuspended in 100 juJ of 0.1 M KH 2 P04/K2HP0 4 buffer (pH 7.0). A 30 ml volume 
of chloroform was added to the resuspension, emulsified by mixing and the emulsion centrifiiged at 
13,000 rpm for 5 min in a benchtop microfiige. The supernatant was removed and an aliquot stained 
with an equal volume of 2% potassium phosphotungstate solution and examined by electron 
microscopy. 

Immunocapture-PCR was carried out in thin-walled 0.6 ml PCR tubes (Quantum) coated with 
25 pj of sugarcane bacilliform virus (ScBV) antibodies (Agdia) in 50 mM sodium carbonate buffer 
(pH 9.6) at a concentartion of 1 pg/ml. After incubation for 3 h (4 h for Goldfmger isolate) at room 
temperature, the tubes were washed by vortexing three times (two times for Goldfinger isolate) with 
PBST (137 mM NaCl, 6.4 mM Na 2 HP0 4 x 2 H 2 0, 1.4 mM KH 2 P0 4f pH 7.4, containing 0.1% Tween 
20 (Sigma)). After the addition of 25 jj of concentrated virus extract, tubes were incubated for 3 h at 
room temperature (overnight at 4°C for Goldfinger isolate), then washed three times with PBST and 
one time with H2O which was removed prior to PCR. The degenerate primers badnaT and badna3 
15 (Lockhart and Olszewski, supra) were used for PCR amplification. The sequence of badna3 follows. 
badna3 (SEP ID NO: 6) : 

5--AAT AGC GGC CGC AT(A/C/T) AT(A/C/T) AT(A/C/T) GA(A/G) AC(A/C/G/T) 
GA-3' 

The PCR mixture (containing 5 buffer A (Gibco BRL), 5 pj buffer B (Gibco BRL), 5 ^1 4 

20 fxM badna3 pnmer, 5 ^ 4 ^M badnaT primer, 2.5 ^1 1 mM dNTPs, 2 ^1 Elongase (Gibco BRL) and 
25.5 M l H2O for the Williams isolate, and 2.5 ^1 10 x PCR buffer (Gibco BRL), 0 75 ^1 50 mM 
MgCh, 2.5 ,J 4 j_iM badna3 primer, 2.5 (J 4 jjvl badnaT primer, 1.25 pi i mM dNTPs, 0.4 ul Taq 
polymerase (Gibco BRL, 5 units/^J) and 15.1 jlxI H 2 0 for the Goldfinger isolate) was added to the tube 
containing the immuno-captured virus particles, overlaid with 20 ^1 mineral oil and incubated in an 

25 Hybaid OmniGene Thermocycler (Stratagene) with the programming conditions (4 cycles of 94°C 0.5 
min, 37°C 0.5 min, 72°C 2 min and 30 cycles of 94°C 0.5 min, 55°C 0.5 min, 72°C 2 min) according 
to the manufacturers instructions. After electrophoretic separation from other PCR products, 1.3kb 
products were subcloned into pCR2.1 (Invitrogen) according to the manufacturers instructions. These 
clones were named pCRBSVCv (Williams isolate) and pCRGF2 (Goldfinger isolate). 

30 Sequencing was first carried out using primers and primer sites present in the vectors and later 

in the obtained sequence using the FS Terminator Premix (PRISM Ready Reaction DyeDeoxy 
Terminator Cycle Sequencing Kit, Applied Biosystems) and an Automated DNA Sequencer (Applied 
Biosystems). Full length sequences of all three PCR products were obtained and identified as 
badnavirus sequence using the Australian National Genomic Information Service (ANGIS) program 

35 package. The complete sequences of the PCR products are depicted in SEQ ID NO: L SEQ ID NO: 2 
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and SEQ ID NO: 3. All three sequences comprise a coding region for part of the badnavirus ORF 3 at 
the 3' end (nucleotides 1-1537, 1-849 and 1-858, respectively) and a non-coding region at the 5' end 
(nucleotides 1538-2105, 850-1322 and 859-1297, respectively). The 3' ends of the non-coding regions 
were further analysed for promoter sequence elements as will be detailed below in EXAMPLE 5. 

EXAMPLE 2 
Construction of chimaeric genes 

Several constructs were made using the above described PCR products as promoters in fusion 
with reporter genes coding for either GUS or GFP as depicted in Figure 1 . 

pUbiGUS was used as the basis for the construction of promoter-reporter cassettes for plant cell 
transformation using biolistic or PEG-mediated transformation techniques (Figure 1A). pUbiGUS 
contains the maize ubiquitin promoter (Christensen et aL, Plant Mol. Biol. 18, 675-689 [1992]; 
Christenscn and QuaiL Transgen. Res. 5, 213-218 [1996JX the GUS reporter gene (Jefferson et al., 
UMBO J. 6, 3901-3907 [1987]) and the nopaline synthase (nos) terminator sequence from 
Agrohacterium tumefaciens in pUCl 18. 

pMyGUS contains the badnavirus PCR fragment from Mysore (BadnaT primer at the 3' end) 
instead of the maize ubiquitin promoter (Figure IB). It was constructed by ligating the blunt-ended 
BamHl/Notl-cut 2kb fragment from pCRBSV2 into the blunt-ended dephosphorylated 
SawHI////«dIII-cut 4.8kb fragment of pUbiGUS. 

pCvGUS contains the badnavirus PCR product from Williams (BadnaT primer at the 3' end) 
instead of the maize ubiquitin promoter (Figure 1C). It was constructed by ligating the blunt-ended 
BamHl/Notl-cut 1.3kb fragment from pCRBSVCv into the blunt-ended dephosphorylated 
BawHI/////7dIIl-cut 4.8kb fragment of pUbiGUS. 

In addition, pUbiGFP was used as the basis for the construction of promoter-reporter cassettes 
for plant cell transformation using biolistic or PEG-mediated transformation techniques (Figure ID). 
pUbiGFP contains the maize ubiquitin promoter, a modified GFP reporter gene (sGFP(S65T); Chiu et 
al. t Current Biol. 6, 325-30 [1996]) and a nopaline synthase (nos) terminator sequence. 

pMyGFP contains the badnavirus PCR fragment from Mysore (BadnaT primer at the 3' end) 
instead of the maize ubiquitin promoter (Figure IE). It was constructed by ligating the blunt-ended 
BamHl-cut 2kb fragment from pCRBSV2 into the blunt-ended dephosphorylated ATw/I-cut 4.2kb 
fragment of pUbiGFP. 

pCvGFP contains the badnavirus PCR product from Williams (BadnaT primer at the 3' end) 
instead of the maize ubiquitin promoter (Figure IF). It was constructed by ligating the Xbai/BamHl- 
cut 1.3kb fragment from pCRBSVCv into the dephosphorylated XbaU BamHl-cut 4.8kb fragment of 
pUbiGFP. 

pGoGFP contains the badnavirus PCR product from Goldfinger (BadnaT primer at the 3' end) 
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instead of the maize ubiquitin promoter (Figure 1G). It was constructed by Ugating the 
EcoRV/BamHl-cut 1.3kb fragment from pCRGF2 into the EcoRV/BamHl-cut 4.8kb fragment of 
pCvGFP. 

Furthermore, pBIN-mGFP5-ER and pArt27/35SGUS were used as the basis for the 
5 construction of promoter-reporter cassettes for Agrobacterium-mediatcd plant transformation (Figure 
1H and Figure II, respectively). pBIN-mgfp5-ER (a gift of Dr J. Haseloff, MRC Laboratory of 
Molecular Biology, Addenbrookes Hospital, Cambridge, UK) contains the cauliflower mosaic virus 
35S promoter, the ER-targeted mutated version of the GFP reporter gene mgfp5-ER and the nos 
terminator. pArt27/35SGUS contains the cauliflower mosaic virus 35S promoter (Odell et al. Nature 
0 313, 810-812 [1985]), the GUS reporter gene and the nos terminator in pArt27 (Gleave ; Plant MoL 
Biol. 20. 1203-1207 [1992]). pArtUbiGUS contains the maize ubiquitin promoter instead of the 35S 
promoter of pArt27/35SGUS (Figure 1 J). 

pArtMyGUS contains the badnavirus PCR fragment from Mysore (BadnaT primer at the 3' 
end) instead of the 35S promoter or the maize ubiquitin promoter (Figure IK). It was constructed by 
5 Iigating the HindUVBamHl-cut l .6kb fragment from pMyGFP into the Hindlll- and partially BamHl- 
cut 13kb fragment of pArtUbiGUS. 

pCvmGFP5-ER contains the badnavirus PCR fragment from Williams (BadnaT primer at the 3' 
end) instead of the 35S promoter (Figure 1L). It was constructed by Iigating the EcoRV/BamHl-cut 
1.3kb fragment from pCvGFP into the ///wdIII(blunt-endcd)/^wHI-cut 13kb fragment of pBIN- 
mgfp5-ER. 

All plasmid DNA was prepared from Escherichia coli DH5a using the Qiaprep Spin Miniprep 
Kit (Qiagen). 

The chimaeric gene constructs were found to be useful for assessing promoter activity using in 
vivo transient and stable expression systems that were developed and optimised for this purpose. 

EXAMPLE 3 
Assavine promoter activity in plant cells 
under transient conditions 
Several in vivo test systems were available for assaying the promoter-reporter gene constructs 
of EXAMPLE 2 under transient conditions. These systems were: 

1) biolistic gene transfer on leaves and other plant organs of monocot species (banana, 
maize, millet, sorghum), dicot species (tobacco, canola, Nicotiana benthamiana, 
Tipuana tipn), gymnosperm species (Pimis radiata) and fern {Nephrotepis covdifolia) 
using GUS assays; 

2) biolistic gene transfer on maize leaves and sugarcane calli using GFP assays; and 

3) biolistic gene transfer on maize leaves using comparative GUS assays with an internal 
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standard. 

The following method was used for the first test system listed above. 

Maize (sweet corn, cv. lochief Improved), banana (cv. Williams), millet, sorghum and N. 
benthamiana leaves were cut from glasshouse-grown plants and subdivided into pieces of 3-4 cm 
5 length. These, were surface-sterilised in chlorine solution (0.1% NaOCL 0.1% Tween 20) for 30 rnin 
with gentle agitation. Subsequently they were rinsed with sterile deioniscd water and placed abaxial- 
side up on Petrie dishes containing sterile "high-salt MS" medium (MS-mcdium according to 
Murashige and Skoog, Physiologia Plantarum 15, 473-497 [1962], containing 0.2 M mannitol and 
0.2 M sorbitol) for 5 hrs to reduce the cell turgor. . 

10 For particle bombardments, leaf pieces were transferred adaxial-side up onto MS-medium as 

described above without mannitol and sorbitol. Gold particles with a diameter of 1.6 (xm were used as 
the carrier for DNA. These were prepared by washing in 70% ethanol, vortexing for 3 min. incubating 
for J 5 min and removing the liquid after 30 s of centrifugation. The following step was repeated three 
times: particles were resuspended in deioniscd sterile water, vortexed for I min. incubated for I min 

15 and pelleted by centrifugation for 30 s in a microfuge. Subsequently, the gold particles were 
resuspended in sterile 50% (v/v) glycerol at a concentration of 60 mg/ml and vortexed for 5 mm prior 
to use. ; 

For each plasmid construct used (pMyGUS, pCvGUS and pUbiGUS; EXAMPLE 2), a set of 
four DNA deliveries was prepared: 50 pi of the gold particle suspension were transferred into a sterile 

20 1.5 ml centrifuge tube and vortexed thoroughly for another 2.5 min. With the tube continuously 
vortexed, 10 pi DNA (0.5 pg/pJX 50 pi sterile 2.5 M CaCh solution and 20 pi 0.1 M spermidine 
solution (sterile and stored in 20 pi aliquots at -70 °C prior to use) were added in that order. The 
mixture was vortexed for another 2 min. incubated for 1 min and pelleted by centrifugation for 10 s. 
The pellet was washed in 140 pj 70% ethanol and 140 pi 100% ethanol without disturbing the pellet 

25 and gently resuspended in 50 pi 100% ethanol before evenly aliquoting 10 pi portions onto sterile 
macrocarrier plastic disks that were subsequently dried in a desiccator. Macrocarriers were placed at 
a distance of 4 cm from the rupture disc and the prepared leaves were placed 8 cm from the 
macrocarriers in a PDS-1000/He Biolistic Particle Delivery System (BioRad) which was used for the 
DNA delivery using pressures between 900 psi and 1,550 psi according to the procedure described by 

30 Sandford et a/., Meth. Enzymol. 217: 483-509 (1993) and Heiser, BioRad US/EG Bulletin 1688 
(1993). 

Leaves and other plant organs of tobacco (cv. Xanthi), canola, tipu tree {Tipuana tipit), pine 
tree (Pinus radiaici) and fishbone fem (Nephrolepis cordifolia) were freshly cut from plants that were 
grown in glasshouses, growing cabinets and ornamental gardens at the University of Queensland, St. 
35 Lucia. Australia. All plant material was placed adaxial side-up in Petrie dishes containing a prewetted 
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round filter paper. 

Preparation of gold particles, coating DNA onto gold particles and particle bombardments 
were carried out according to a modified procedure of Finer et ai (Plant Cell Rep. 11:323-328 
[1992 J) using a custom-made Helium pressure-driven particle inflow gun: 60 mg gold particles were 
resuspended in I mL 70% ethanol for 2 min and subsequently washed by spinning for 10 s in a 
microfuge and resuspending in deionised water. A stock (to be stored for 6-8 weeks at room 
temperature) was prepared by centrifiigation for 10 s and resuspending of the gold particles in 500 yJL 
50 % (v/v) glycerol solution. For each construct to be used for particle bombardment, gold particles 
were vigorously resuspended and 50 j^L were removed to a fresh tube and vortexed for an additional 1 
min. During vortexing freshly prepared plasmid DNA (Qiaprep Mini spin kit) was added as a mixture 
containing 5 joL (0.25 jig/uX) GUS -construct, 50 2.5 M CaCh solution and 20 0.1 M 
spermidine solution. After vortexing for an additional minute, particles were allowed to settle for 5-10 
min and then centnfuged for 5 s. Excess supernatant was removed and particles were resuspend in 20 
oL of the supernatant. During vortexing, 3 was removed for each bombardment and placed in the 
centre of a 3 mm Swinney plastic syringe filter holder (Gelman Sciences). Plant material was 
bombarded at a distance of 18 cm using a Helium-driven pressure of 7 bar (100 psi) and -0.85 bar (- 
85 kPa) negative pressure in the chamber. 

After bombardment all plant material was kept in a growing cabinet (25°C 16 hrs of 
illumination) for 48 hrs before transferring to X-Gluc-solution (1.25 g/1 5-bromo-4-chloro-3-indolyl-p- 
D glucuronic acid dissolved in 50 ml/1 DMSO), 5 mM ferri cyanide, 5 mM ferro cyanide, 0.3 % (v/v) 
Triton X-100, 10 % (v/v) methanol, 10 mM EDTA (pH 8.0), 0.1 M sodium phoshate buffer pH 7.0) 
for incubation at 37°C for 12 hrs. 

GUS activity measured by the number and size of blue spots was used as indicators for 
promoter activity. Blue GUS spots appear as black spots in the black and white copies of the 
photographs provided in the figures. Several sets of experiments were carried out each using the 
promoter-reporter constructs pMyGUS and pCvGUS. For comparisons, pUbiGUS was included for 
monocot and pBI221 (a commonly used plant transformation vector containing the CaMV 35S 
promoter, the GUS reporter gene and the nos promoter, Stratagene) was included for dicot, 
gymnosperm and fern plant material. 

All three promoters (pMy, pCv, and pUbi) used for monocot transient transformation 
experiments and GUS assays showed clear promoter activities in leaves of maize, banana, millet and 
sorghum, while control experiments using promoter-free GUS constructs or no DNA showed no 
activity. As examples, Figure 2 depicts typical results for maize leaves bombarded with pMyGUS 
(Figure 2A), pCvGUS (Figure 2B) and pUbiGUS (Figure 2C) at a pressure of 1550 psi. Similarly, all 
three promoters (pMy, pCv and p35S) used for transient transformation experiments of dicot. 
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gymnosperm and fern species showed clear promoter activities for the plant organs tested. .These were 
leaves of tobacco, N. benthamiana, tipu tree and fishbone fern, leaves and stems of canola, and stems 
and flower petals of male inflorescences of Finns radiata. As examples, Figure 3 depicts t\pical 
results for dicot leaves of canola, tobacco and tipu tree bombarded with pMyGUS (Figure 3 A, Figure 
3D and Figure 3G, respectively), pCvGUS (Figure 3B, Figure 3E and Figure 3H, respectively) and 
pBI221 (Figure 3C, Figure 3F and Figure 31, respectively). Figure 4 depicts typical results for petals 
of male inflorescences of Finns radiata and leaves of fishbone fern bombarded with pMyGUS (Figure 
4A and Figure 4D, respectively), pCvGUS (Figure 4B and Figure 4E, respectively) and pBI221 
(Figure 4C and Figure 4F, respectively). The number and intensity of blue spots generated by 
transformation with the constructs, pMyGUS and pCvGUS demonstrated that SEQ ID NO: 1 and 
SEQ ID NO: 2 showed clear promoter activities in all species tested. 

The following method was used for the second test system listed above. 

Maize leaves were used for particle bombardment with pGoGFP using the particle inflow gun 
as described above. Visualisation of GFP expression at 24 h after bombardment was achieved using a 
Leica MZ6 stereo microscope with fluorescence module (Leica Microscopy and Scientific Instruments, 
Switzerland) with a GFP Plus filter set. The detection of green fluorescing cells was -used as an 
indicator for promoter activity. Green fluorescing cells appear white in the black and white copies of 
the photographs. The result, depicted in Figure 2D, demonstrates that SEQ ID NO: 3 had a promoter 
activity under transient conditions in maize leaves. 

Embryogenic sugarcane callus was initiated from young leaf tissue taken from within a 1 0 cm 
region just above the apical menstem (Taylor et al. s Flam Cell Tissue Organ Cult. 28, 69-78 [1992]). 
Callus inducing medium (MSC3) consisted of MS salts and vitamins (Sigma), 0.5 g/1 casein 
hydrolysate (Gibco Peptone 140), 20 g/1 sucrose, 10% v/v coconut water, 3 mg/I 2,4-D, pH 6.0 and 
was solidified with 0.8% agar (Grade J, Davis). Calli were induced at 30°C, under continual darkness 
with regular subculturing every 14 d and required 6 weeks of selective subculturing. 

Microprojectile bombardment was performed using a particle inflow gun (Finer et al. Plant 
Cell Rep. 11, 323-328 [1992]) with 2,100 kPa gas delivery pressure, 28 mmHg vacuum and a 0.5 
msec gas delivery* interval. Plasmid DNA was precipitated onto tungsten particles (M10, Sylvania 
Chemicals) and bombardment of individual calli of 5-10 mm diameter in a central area of 7 cm : was 
performed on osmoticum medium as previously described (Bower et at., Mol. Breeding 2, 239-249 
(1996]). 

A 5 jxg amount of pMyGFP, pCvGFP or pUbiGFP (EXAMPLE 2) were each used in a mixture 
with 5 |xg of pEmuKN (Chamberlain et ai, Aast. ./. Plant Physiol 21, 95-112 [1994]) for 
microprojectile bombardment to evaluate promoter activity in sugarcane calli and to allow regeneration 
of transgenic calli under kanamycin selection (see EXAMPLE 4). GFP expression in sugarcane tissue 
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was visualised at 2 and 7 days and at 2 and 12 months (results of stable expression in EXAMPLE 4) 
after bombardment using fluorescent microscopy as described above. 

Figure 5 depicts photographs taken of sugarcane calli bombarded with pMyGFP (Figure 5A), 
pCvGFP (Figure 5B) and pUbiGFP (Figure 5C) at 2 days after bombardment under fluorescent 
5 microscopy. The number and intensity of fluorescing spots of all three constructs pMyGFP, pCvGFP 
and pUbiGFP, demonstrated that both novel promoters (pMy and pCv) show transient promoter 
activities in sugarcane calli. 

The following method was used for the third test system listed above. 

A comparison of pMy and pCv under transient transformation conditions with four other known 
10 promoters was performed on maize leaves using the construct pUbiGFP as an internal standard during 
particle bombardment. The use of an internal standard serves to monitor the effectiveness of each 
bombardment and compensates for a high variability that is often observed during transient gene 
expression assays. 

Maize leaves (sweet corn, cv. Iochief Improved) were prepared and used for particle 

15 bombardment as described above. The four promoter-GUS constructs used for comparison were 
pBI22L pMG22L pUbiGUS and pACTl-D that contained the 35S promoter from cauliflower mosaic 
virus (Mitsuhara et al. Plant Cell Physiol 37:49-59 1 1996]), the enhanced 35S promoter with a 3' 
exon/intron insertion from the maize shrunken- 1 gene (Maas et at.. Plant Mol Biol. 16:199-207 
[19911), the maize polyubiquitin promoter (Christensen and Quail, 1996, supra) and the rice actinl 

20 gene promoter (McElroy et al., Plant Cell 2: 163-171 1 1990]), respectively, fused to the uicIA gene and 
a nos terminator. For each experiment a set of four DNA deliveries was prepared for each of the 
constructs pBI221, pMG221, pUbiGUS, pACTl-D ; pMyGUS and pCvGUS as described above with 
the modification that 0.5 |JL (0.25 u.g/uX) pUbiGFP was included as internal standard. After 48 h the 
number of cells producing GFP was determined for all leaves of each construct under a fluorescent 

25 stereo microscope. Subsequently, all leaves were incubated in X-gluc staining solution as described 
above and the number of GUS producing spots was determined for each construct. Values for 
standardised activities were obtained by dividing the number of GUS-producing spots by the number 
of GFP-producmg cells (Figure 6). All values were normalised to values obtained with pBI221. The 
results, summarised in Figure 6, show that the activities obtained for pMy and pCv under transient 

30 conditions in maize leaves are within the range of promoters that have previously been used for high 
level gene expression in monocot plants: pMy lead to a 1.5-fold higher transient activity than p35S and 
to nearly half the activity of pUbi; while pCv lead to a 3-fold higher activity than p35S and to nearly 
equal activity than pUbi. 

The results of EXAMPLE 3 show that the sequences presented in SEQ ID NO: 1, SEQ ID NO: 

35 2 and SEQ ID NO: 3 each act as active promoters in vivo. The results further demonstrate that the 
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promoters of SEQ ID NO: 1 and SEQ ID NO: 2 express strongly under transient conditions and that 
they could provide a valuable tool for gene expression in plants and genetic engineering. 

EXAMPLE 4 
Assaying promoter activity in plant cells 
5 under stable conditions 

Several in vivo test systems were available for assaying the promoter-reporter gene constructs 
of EXAMPLE 2 under conditions of stable expression in plant cells. These systems were: 

1) biolistic gene transfer on sugarcane and tobacco calli using GFP assays after 30 days or 
more; 

10 2) GUS and GFP assays of transformed and regenerated plants (bananas, sugarcane); 

3) Semi-quantitative comparative Western blot analyses of GFP production in transgenic 
sugarcane; and 

4) Quantitative comparative GUS activity assays of different organs of transgenic banana 
plants. 

15 Using the test system (1) above, the method for sugarcane transformation described in 

EXAMPLE 3 was used in the manner, which will now be described. 

After bombardment, sugarcane calli were placed on selective callus-inducing medium (MSC3) 
containing 40 j^g/l geneticin (Sigma). GFP activity was monitored at 2 months after bombardment 
using the methods described in EXAMPLE 3. Green fluorescence appears as grey or white in black 

20 and white copies of the photographs. 

Figure 7 depicts photographs taken of sugarcane calli bombarded with pMyGFP (Figure 7A), 
pCvGFP (Figure 7B) and pUbiGFP (Figure 7C) at 2 , months after bombardment under fluorescent 
microscopy. The intensity of fluorescing calli of both constructs pMyGFP and pCvGFP were 
comparable to those generated by pUbiGFP, indicating that both novel promoters show similar stable 

25 activities in sugarcane calli than the maize ubiquitin promoter. 

Using test system (1) above, transgenic tobacco calli and plantlets were produced according to 
the method described by Ellis et aL (EMBO J. 6: 11-16 [1987]) using Agrobacteriwn tumefaciens 
strain LBA4404 containing the binary vectors pBIN-mgfp5-ER, pArtMyGUS or pCvmGFP5-ER. 
Fluorescent microscopy was used for the analysis of transgenic shoot forming calli and roots 

30 transformed with pB!N-mgfp5-ER and pCvmGFP5-ER. Figure 8 depicts results for tobacco calli and 
roots transformed with pCvmGFP5-ER (Figure 8A and Figure 8C, respectively) and pBIN-mgfp5-ER 
(Figure 8B and Figure 8D) and of untransformed callus (Figure 8E). While no quantification of 
promoter activities in tobacco plants was obtained, the results indicate that pCv has a potential to be 
useful for the transformation of dicot plants. 

35 Using test system (2) above, transgenic sugarcane and banana plants were produced that 
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contained the promoters pMy, pCv and pUbi in fusion with reporter genes. 

Forty independent sugarcane calli transformed with pMyGFP from six bombardments, as 
described above, were used for the regeneration of 125 sugarcane plants that were classified in 21 
independent lines. Seventy two independent sugarcane calli transformed with pCvGFP from five 
5 bombardments were used for the regeneration of 109 sugarcane plants that were classified in 18 
independent lines. For comparison, 40 independent sugarcane calli transformed with pUbiGFP from 
twelve bombardments were used for the regeneration of 37 sugarcane plants that originated from 16 
independent lines. GFP fluorescence was used to identify transgenic cells and to establish their 
independent status. Plants were transferred to pots in glasshouse facilities and allowed to grow until 
10 plant heights reached 70-120 cm (12 months after transformation). To confirm the presence of pMy 
and pCv fused to the GFP reporter gene, several plants transformed with pMyGFP and pCvGFP were 
chosen for DNA extraction and PCR analyses using primers that cover both, part of the promoter 
region and part of the GFP reporter gene. Total plant DNA was isolated from sugarcane leaves (200 
mg each) according to the method of Chang et aL, Plant Mol Biol Rep. 9: 389-410 (1993). The 
15 presence of the pMy promoter fused to the GFP reporter gene was confirmed by PCR of leaf extracts 
from plants transformed with pMyGFP using primers My A (SEQ ID NO: 7: 5'- 
AGAGGCGCCCCTGGTATTGG-3*) and GFP-B (SEQ ID NO: 8; 5'- 
AG ATGGTGCGCTCCTGG ACG-3 ') were used to amplify a fragment of approximately 650 bp. The 
presence of the pCv promoter fused to the GFP reporter gene was confirmed by PCR of leaf extracts 

20 from plants transformed with pCvGFP with pnmers CvA (SEQ ID NO: 9: 5'-CCT AAC GAT GCG 
GGA AGC CG-3') and GFP-B which were used to amplify a fragment of approximately 550 bp. 
Extracts from untransformed plants served as negative controls. All primers were synthesised by 
Pacific Oligos, Lismore, Australia. PCR products of all plants analysed showed the expected band size 
in DNA gel electrophoresis, while the negative controls showed no bands (data not shown). 

25 To evaluate GFP production, the youngest leaf from several sugarcane plants of each transgenic 

was analysed under a stereo fluorescent microscope as described above. The amount of GFP in leaves 
was evaluated by assigning relative numbers ranging from 0 to 5 (0 being no detectable GFP present 
and 5 being the highest level of GFP production). In addition, root material was analysed from selected 
plants (data not shown). Relative numbers for plants transformed with pMyGFP ranged from 0-2, 

30 while plants transformed with pCvGFP or pUbiGFP showed a much stronger GFP presence in the 
leaves with numbers ranging from 0-5. Figure 9 depicts reproductions of photographs taken under the 
fluorescent microscope of leaves and roots of sugarcane plants transformed with pMyGFP (Figure 9A 
and Figure 9D, respectively), pCvGFP (Figure 9B and Figure 9E, respectively), pUbiGFP (Figure 9C, 
leaves only) and of leaves of untransformed control plants (Figure 9F). Plants transformed with 

35 pMyGFP usually showed the strongest expression around vascular leaf tissue, while leaves of 
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sugarcane plants transformed with pCvGFP or pUbiGFP typically showed a constitutive expression 
throughout all cells analysed. Wound-inducibility of promoters was tested by wounding leaves from 
sugarcane plants transformed with pMyGFP, pCvGFP and pUbiGFP and from untransformed plants 
with metal bristles (54 per cm 2 ). An assessment of GFP fluorescence made after 48 h showed 
5 increased GFP production around damaged areas of leaves transformed with pCvGFP and pUbiGFP, _ 
while no increase in fluorescence could be observed for leaves transformed with pMyGFP or 
untransfromed leaves. Figure 91 depicts a portion of a leaf at 48 h after wounding from a sugarcane 
plant transformed with pCvGFP. 

More detailed studies of different leaf cell layers were performed using a confocal microscope 

10 (Zeiss) with a Biorad MRC600 light source and appropriate filters for excitation at 488 nm with 
emission measured at 509 nm. Figure 10 depicts digital images of superimposed Z series of 9 serial 
scans at 9 jam distance of sugarcane leaves facing adaxial-side up from plants that were transformed 
with pMyGFP (Figure 10A), pCvGFP (Figure 10B), pUbiGFP (Figure 10C) and from untransformed 
plants (Figure 10D). It was observed that all cell types of the symplast showed presence of GFP 

15 indicating a near-constitutive expression for the promoters tested. As observed previously, the 
strongest GFP fluorescence could be observed in sugarcane leaves transformed with pCvGFP, 
followed by pUbiGFP and pMyGFP, while the latter construct lead to lower expression in cells, other 
than those surrounding the vascular tissue (Figure 10). Figure 11 depicts two sets of three 
superimposed images of the Z series shown in Figure 10B for a leaf transformed with pCvGFP. Figure 

20 11A covers most of the upper cell layers including the epidermis, while Figure 1 IB shows a section 
through a vascular bundle with its surrounding cells. The accumulation of GFP in the nuclei is 
noticeable for some cells. 

Transgenic banana plants (cv. Three Hand Planty) were produced in tissue culture according to 
the method described by Sagi et a I., (1995. supra). After co-bombardment of a pAct-neo chimaeric 

25 gene constaict with pMyGUS and pCvGUS into banana embryogenic cell cultures. 65 and 61 
geneticin-resistant plants have been regenerated, respectively. Plants were subsequently multiplied in 
vitro using micropropagation. 

To confirm the presence of pMy and pCv fused to the GUS reporter gene, several banana plants 
transformed with pMyGUS and pCvGUS that showed GUS expression were chosen for DNA 

30 extraction and PCR analyses using primers that cover both, part of the promoter region and part of the 
reporter gene. Total plant DNA was isolated from banana leaves according to a modified method of 
Dellaporta et al. t (Plant Mol. Biol Rep. 1: 19-21 1 1983]). Briefly, 30-100 mg of leaf or root tissue was 
ground with 500 ul of extraction buffer (100 mM Tris-HCl, pH 8.0; 50 mM EDTA, pH 8.0; 500 mM 
NaCl; 10 mM p-mercaptoethanol; 2 % polyvinylpyrrolidone, MW=10,000) in a 1.5 ml microfiige 

35 tube. After adding 33 \x\ of a 20% SDS solution, the mixture was vortexed and incubated for 10 min at 
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65°C Subsequently 160 til of 5 M potassium acetate solution (pH 5.2) was added, the tubes vortexed, 
and centrifuged in a microfiige for 10 mm at 13,000 rpm. After transfernng the debris-free supernatant 
to a fresh tube, the DNA was precipitated by adding an equal volume of isopropanol/ vortexing and 
ccntrifugation for 10 min at 13,000 rpm. The pellet was carefully washed in 70% (v/v) ethanol and 
5 air-dried for 20-25 min with the opening of the tube facing a laminar airflow before resuspension in 20 
fil of sterile deiomsed water. 

The presence of the pMy promoter fused to the GUS reporter gene was confirmed by PCR of 
leaf extracts from plants transformed with pMyGUS using primers MyA (SEQ ID NO: 7) and pnmer 
GUS1R (SEQ ID NO: 10; 5'-CTT GTA ACG CGC TTT CCC ACC-3') to amplify a fragment of 
10 approximately 450 bp. The presence of the pCv promoter fused to the GFP reporter gene was 
confirmed by PCR of leaf extracts from plants transformed with pCvGUS using primers CvA (SEQ 
ID NO: 9) and GUS1R to amplify fragment of approximately 350 bp. All primers were synthesised 
commercially by Eurogentec (Seraing, Belgium). Extracts from untransformed plants served as 
negative controls. PCR products of all plants analysed showed the expected band size in DNA gel 
1 5 electrophoresis, while the negative controls showed no bands (data not shown). 

Twenty five transgenic lines transformed with pMyGUS and 30 plant lines transformed with 
pCvGUS were randomly selected and subjected to a screening by histochemical GUS-staining. GUS 
staining appears as dark areas in the black and white copies of the photographs. Based on these 
results, 15 and 12 respective lines were selected for more detailed GUS assays to determine organ- and 
20 tissue-specific expression. A summary of the results follows. Generally, two groups of banana plants 
were found for both constructs: "weak expressors" and "high cxpressors" with similar tissue 
specificity- In strong expressors the reaction became visible in 20-30 minutes of X-Gluc staining (100 
mM Tris-HCl, pH 8.0: 10 miM EDTA, pH 8.0; 0.5 mM K-ferricyanide; 0.5 mM K-ferrocyanide; 1% 
ascorbic acid; 0.1% X-Gluc [5-bromo-4-chloro-3-indolyI-p-D glucuronide]; 0.2% SDS) while in weak 
25 expressors the first appearance of colouring was delayed (2-3 hours) and the staining intensity rarely 
reached that of the high expressors. Of the 15 lines transformed with pMyGUS approximately 60% 
could be regarded as high expressors, while 30% of the 12 lines transformed with pCvGUS showed 
strong GUS-staining. Figure 12 and Figure 13 depict longitudinal and cross sections of different X- 
gluc-stained tissue types of banana plants transformed with pMyGUS or pCvGUS, respectively, as 
30 well as of untransformed control plants (Figure 13G, Figure 13H and Figure 131). Both constructs led 
to similar tissue specificity. Staining intensity was strongest in both, the shoot (Figure 12D and Figure 
13D) and root apical meristem (Figure 12F and Figure 13E) and predominantly in the vascular tissue 
of root (Figure 12F and Figure 13F), in the rhizome (Figure 12E, Figure 12F and Figure 13E) and in 
the leaf petiole and pseudostem (Figure 12B, Figure 12C, Figure 13B and Figure 13C). Staining 
35 intensities in the upper part of the leaf were usually weaker (Figure 12A and Figure 13 A) and revealed 



BNSDOCID: <WO 990O492A1> 



WO 99/00492 



PCT/AU98/00493 



21 

in some cases a patchy staining pattern that did not seem to be caused by differential substrate uptake 
during staining. While a constitutive-type expression in banana plants could be observed for both 
promoters, some lines also showed a more irregular staining pattern that could possibly be due to gene 
silencing. Control plants that were previously transformed by Sagi et al, (1995, supra) with pAHC27 
(a plasmid containing pUbi, the GUS reporter gene and the nos terminator; Christensen and Quail, 
supra) showed a similar near-constitutive staining pattern (data not shown). Leaves, pseudostem, and 
shoot meristem of an untransformed banana plant that was incubated in X-Gluc staining solution for 
24 h showed no GUS activity (Figure 13G, Figure 13H and Figure 131, respectively). This light brown 
colour appears as grey in the black and white copies of the photographs. 

Using test system (3) above, semi-quantitative Western blot analyses were performed on leaf 
extracts of the above described transgenic sugarcane plants. This method allows a reliable promoter 
evaluation that is based on the quantification of GFP produced in the leaves of transgenic plants. 
According to the previous evaluation with fluorescent microscopy described above, five independent 
plant lines that showed the strongest GFP production in leaves were selected for each of the constructs 
pMyGFP, pCvGFP and pUbiGFP. Protein extracts of the youngest leaf from each of these 15 lines 
were obtained by grinding 150 mg in 1.5 mL of ice-cold extraction buffer containing 50 mM Hepes- 
KOH. 10 mM MgCh 1 mM EDTA, 1 mM EGTA, 5 mM DTT, 1 mM PMSF, 1 mM bcnzamide, 1 
mM benzamidme, 5 mM E-aminocaproic acid, 2 jxM leupeptm, 2 pJVI antipain, 0.1% (v/v) Triton X- 
100, 2% (w/v) polyvinylpolypyrrolidone, pH 7.5 and approximately O.lg of acid washed sand. 
Western blot analyses were performed according to a method described by Grof et aL m-Sugarcane: 
Research Towards Efficient and Sustainable Production (J. R. Wilson, D. M. Hogarth, J. A. 
Campbell and A. L. Garside, ed ! s.) pp. 124-126; CSIRO Division of Tropical Crops and Pastures, 
Brisbane (1996). A commercial antibody preparation consisting of a mixture of two mouse monoclonal 
antibodies directed against GFP was obtained from Boehringer Mannheim (Cat. No. 1814 460). 
Figure 13 depicts comparative immunoblots using the leaf extracts of each of five independent lines of 
plants transformed with pMyGFP and pCvGFP (Figure 14 A), pMyGFP and pUbiGFP (Figure 14B) 
and pCvGFP and pUbiGFP (Figure 14C). The first lane and the last lane of each immunoblot contain 
the prestaincd kaleidoscope size marker in kDa (Biorad) and a leaf extract from an untransformed 
plant, respectively. In some cases a double band could be detected. This may be due to partial cleavage 
of a precurser or incomplete denaturing. A relative comparison of all bands depicted in Figure 14 
shows that the intensity was highest for sugarcane plants transformed with pCvGFP, followed by 
plants transformed with pUbiGFP and plants transformed with pMyGFP. These results correspond to 
the previous observations using fluorescent microscopy as described above and demonstrate that pCv 
is a promoter that is suitable for strong expression in transgenic sugarcane plants. Although pMy led 
to weaker expression, it is nevertheless active in sugarcane plants. 
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Using the test system (4) above, GUS activity in different organs of transgenic banana plants 
was quantified using fluorometric GUS assays according to a modified procedure of Jefferson (Plant 
Mol. Biol. Rep. 5: 387-405 |1987]). Briefly, 200-300 rng of plant tissue was ground with sterile 
washed sand in 400 pi GUS extraction buffer (50 mM sodium phosphate buffer, pH 7.0; 10 mM 
EDTA, pH 8.0; 10 mM p-mercaptoethanol; 0.1% sodium lauryl sarcosine; 0.1% Triton X-100; 2% 
polyvinylpyrrolidone, MW= 10,000) in microfuge tubes which were subsequently transferred to ice and 
centrifuged at 10,000 rpm for 10 min. The supernatants were carefully transferred to fresh microfuge 
tubes. Protein concentrations were determined by the Bradford assay (BioRad Laboratories). 
Fluorometric enzymatic GUS assays were carried out for each sample by adding 50 jal of prewarmed 
(37 °C) protein extracts to 200 pi prewarmed (37 °C) MUG-assay buffer (1 mM 4-methylumbelliferyl 
p-D-glucuronide (MUG, Sigma) in GUS-extraction buffer containing 20% (v/v) methanol). After 
incubation at 37°C for 120 min 10 pi serial dilutions (2-80 fold) were added to 190 pi of 0.2 M 
Na2C03 solution in a microtiter plate to stop the reaction. The optical density was measured at 455 
run after excitation at 365 nm on a Luminescence Spectrofluorometer (LS 50B ? Perkin Elmer). Protein 
extracts of untransformed plants were used for the zero sample and 4-methylumbelliferone (MU, 
Sigma or Duchefa) solutions in GUS extraction buffer with concentrations ranging from 1 0 pM to 60 
pM were used as standards. Figure 15 summarises the results (in nmol MU per h and mg protein, 
averaged from at least three measurements with standard deviation error bars) obtained for leaf and 
pseudostem/rhizome extracts of three lines transformed with pMyGUS (MY1, MY2 and MY3) ; of two 
lines transformed with pCvGUS (CV1 and CV2) and of two lines transformed with pAHC27 (UBI, 
average shown). Plants expressing pMyGUS lead to a 5 to 29-fold higher GUS activity in leaves and 
to a 3 to 4-fold higher activity in pseudostem/rhizome tissue than comparable plants transformed with 
pAHC27. Plants expressing pCvGUS lead to a 4 to 5-fold higher GUS activity in leaves and to a 
similar activity in pseudostem/rhizome tissue than the plants transformed with pAHC27. An 
untransformed banana plant (NEG) showed no activity. 

The results of EXAMPLE 4 show that the sequences presented in SEQ ID NO: 1 and SEQ ID 
NO: 2 are both active as promoters in transgenic plants under stable conditions. The results further 
demonstrate that both promoters also express strongly at a rate higher than the maize polyubiquitin 
promoter under stable conditions in transgenic sugarcane and banana. These results confirm that the 
promoters of SEQ ID NO: I and SEQ ID NO: 2 provide valuable tools for gene expression in plants 
and for genetic engineering. 

EXAMPLE 5 
Identification of putative promoter elements 
Putative promoter elements were identified using the program Signal Scan of the ANGIS 
program package, TFSEARCH (Heinemeyer et al. 9 Nucleic Acids Res. 26, 364-370 [1998]) and by 



WO 99/00492 




PCT/AU98/00493 



23 

comparison with putative promoter elements that were identified in promoter sequences of other plant 
virus genomes of the caulimo- or badnavirus subgroup (e.g. Chen et al, J. Virol 70, 8411-8421 
[1996]; Verdaguer et af. 9 Plant Mol Biol 31, 1129-1139 1 1996]; Yin and Beachy, The Plant Journal 
7, 969-980 [1995]). 

5 Figure 16, Figure 17 and Figure 18 depict putative promoter elements in the core promoter 

region, identified in the DNA sequence of SEQ ID NO: 1, of SEQ ID NO: 2 and of SEQ ID NO: 3, 
respectively. These elements include the TATA box (TATA: Breathnach and Chambon, A nn. Rev. 
Biochem. 50, 349-383 [1981]; Bucher, J. Mol Biol 212: 563-578 [1990]) surrounded by G/C rich 
regions, the initiator (TNI; transcriptional start site; O' Shea-Greenfield and Smale, ,/. Biol Chew. 267, 

10 1391-1402 [1992], Bucher [1990] supra), the viral C/EBP (CCAAT/enhancer binding protein.) site 
(C/EBP: Graves et al z Cell 44, 565-576 [1986]; Bakker and Parker, Nitcl Acids Res. 19, 1213-1217 
[1991], Grange et al, Nucl Acids Res. 19, 131-139 [1991]), the GATA binding factor 1 (GATA-1: 
Merika and Orkin. Mol Cell Biol 13: 3999-4010 [1993]) and the activation transcription factor 
(ATF; Rooney et a/., Mol Cell Biol 10, 5138-5149 [1990]). ^ 

15 It will be appreciated by one of skill in the art that many changes can be made to the promoter ? v 1 

and promoter-containing constructs exemplified above without departing from the broad ambit and r < ■« 
scope of the invention. u 

* ' # 

- 
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SEQUENCE LISTING 
(1) GENERAL INFORMATION : 

5 (i) APPLICANT: 

(A) NAME: Cooperative Research Centre for Tropical Plant 

Pathology 

(B) STREET: The University of Queensland 

(C) CITY: St Lucia 

10 (D) STATE: Queensland 

(E) COUNTRY: Australia 

(F) POSTAL CODE (ZIP) : 4067 



(i) APPLICANT: 

15 (A) NAME: Katholieke Universiteit Leuven 

(B) STREET: Naamestraat 22 

(C) CITY: Leuven 

<E) COUNTRY: Belgium 

(F) POSTAL CODE (ZIP) : B-3000 

20 

(ii) TITLE OF INVENTION: Plant and Viral Promoters 
(iii) NUMBER OF SEQUENCES: 10 

25 (iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.30 (EPO) 



30 



35 



45 



55 



65 



(vi) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: AU P07593 

(B) FILING DATE: 26-JUN-1997 



(2) INFORMATION FOR SEQ ID NO: 1: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2106 base pairs 
40 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

50 (vi) ORIGINAL SOURCE: 

(A) ORGANISM: Unnamed badnavirus 
(C) INDIVIDUAL ISOLATE: Mysore 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

CCCAGGAATA AACACGATTA TCAGTCGAAT TGGAAATGCC AAAGTTTATT CAAAATTCGA 60 

CTTAAAAAGT GGTTTCCATC AAGT AGC C AT GGATCCTGAA TCCATCCCAT GGACGGCTTT 120 

60 CCTGGCTAAC AATGAGCTCT ATGAGTGGCT TGTCATGCCC TTCGGTCTGA AGAAT GCTCC 18 0 

AGCAAT AT T C CAACGAAAGA TGGACACCTG TTTTAAAGGT ACTGAAGCCT TCATTGCTGT 24 0 

T TAT AT AG AT GATATTTTAG TATTTTCTGA GACCGAACAA T T G CAT AG AG ACCACTTAAG 30 0 

AAAATTCCTG GAAATCAGTA AGGCCAATGG GCTCATATTA AGCCCAACCA AG AT GAAAAT 360 

AGGGGT CAAA ACTATTGACT TCCTAGGAGC CTCTATAGGA AACTCCAAGA TCAAGCTTCA 420 
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GCCTCATATT AT CAAGAAAA TAGCTGACTT C G AC GAT CAT AGGCTGAAAG AAACAAAAGG 4 80 

TTTGAGGGCA TGGCTTGGGA TATTAAACTA TGCAAGAAAC T AC AT C C C AA AC T TAG G AAA 54 0 

5 

AACTCTAGGC CCTCTTTACT CTAAGATATC ACCAAATGGG GAGAAAAGAA TGAACGCTCA 600 

GGATTGGGCA CTAGTCACTC AGGTTAAAAG AC AAGT C C AG AACCTACCAG AGCTGGAATT 660 

10 ACCCCCAGAA AAATGTAAAA TGGTGATAGA AACGGACGGC T G CAT G GAAG GTTGGGGCGG 72 0 

CGTCTGTAAG TGGACTACTG TCGGCAAGGC ACAAGAAAAA GTATGCGCCT ATGCCAGTGG 7 80 

AAAGTTTACC CCCATCAAAA GCACTATTGA TGCGGAGGTA CAGGCTGTAA TTAACAGCCT 84 0 

15 

T GAT AAGT T C AAAATATACT AT T T G G AC AA GAAGGAGTTA T T GAT C AG AA CAGACTGTGA 900 

AGCTATAGTC AGGTT CTATA AAAGCACAGC TCAGAACAAA CCCTCCCGGG TTAGATGGCT 960 

20 CATGCTGACC GACTTCATCT CGGGTACGGG T CTAGAAAT A AAATTTGAGC ATATTAATGG 102 0 

CTGCGAGAAT AT AT T G G C AG ACTCCCTCTC TAGACTAGTC CAAACACTGT TACAAGGATG 108 0 

GCAGCATCAA CACCTAAATG GAATCCTACT GGCTCTAGAA GAATTGTATC AAAAGCCCAA 114 0 

25 

CCCAGAAGTT GCGAAGAAAA TCGGGCAGAT CAT TAT GAAA GTTCTGGAGA AGCCAGCTGG 12 0 0 

AATACAGATA AATATGATCA CTGAAGGACC TAAACTTCGG TGCGCATGTG GAAAAGATGC 12 60 

30 TGAGATAGCT GTCTCCCACA CTTCGAGAAA TCCTGACCGA CCCTTTTACA AATGCCAAAG 132 0 

AAATCTGTGC C AC AT T T G G A TAT G GAAAAA CTTAGTGGAT GACTACTTTC AAAACTTAAC 138 0 

GGCGTGGAAC AGAATCTCTG AAGAACACAG AAGGGAAATG GCTCGTGAAG AAGGTCAGAA 14 4 0 

35 

TCTGGAAGAA GAAGACTACT GGGAGAATGT ATTCAATGAG GTTTTCGACC AC GAAGAAAT 1500 

CACGGAGTTC TACCCTGACG GAG GAG AT C C CGGTTAGAAA CAAGGAAGCG TGAAGAGGAC 1560 

40 CCATTACAGC TGTGATCGCA CCCACAAGCT GTGTCAGAAA GAAAGGTATG GTGCAGGGCG 162 0 

GCTAGCGCTC AATTATCTTG CTTTTCAGTT TTCAATTCTG TAAATGGCAG AC AGAGT GAG 168 0 

GTGTCAAAGG ACGATGGGGC CCAATGAGTA CCCGCTTTGA CTACTTTACA ATCTGAAAGC 174 0 

45 

TATGCTTTTA TTTTGTTAAG CTGATCCTGA GCCTCGGGGA GCCGGATCTA GCATAGTAAA 1800 

AC C AG AG G C G CCCCTGGTAT TGGCGCTGCG GTTTTAAGCC CACGGTTTTC GGACTCCATG 1860 

50 AGTTTTGAAA TCCGACGGCT TTAGTCTGAG AAGGCTCAGC CTTTCTCTAT ATAAGGGTTT 192 0 

GTAACCCCTC GTTGCAAGCA GAGTCGGAAA TACCAGACTG CTTACTTCGA GTTTTGAAAT 198 0 

CCCAATAAGA. ATCCTCAGTT TTCTTCATCC TTCTTTCGGT TCACTTCCTG AAATTGGGCA 204 0 

AG C C C CAT AG TAAGGAAAGA TCCATTTGGT GTAATTCCGC TTCACTCCTG GTATCAGAGC 2100 

CATGT 2105 



55 



60 



(2) INFORMATION FOR SEQ ID NO: 2: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1325 base pairs 
65 (B) TYPE: nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Unnamed badnavirus 
(C) INDIVIDUAL ISOLATE: Williams 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 







AG AC AGAT G G 


TTGCATGGAA 


GGTTGGGGAG 


GAGTTTGTAA 


ATGGAAAGAA 


60 




b,AA 1 GAG GAL. 


AAC C AAGAT G 


GT C AG AGAAG 


ATTTGTGCTT 


AT GCGAGTGG 


AAAGTTTAAT 


120 




G G GA I G AAGA 


f~+ TV TV 7\ m m y"* T* 

G C AC AAT T G A 


TGCAGAAATT 


CAAGCAGT CA 


TCAACAGCTT 


GGATAAATTC 


180 


20 


A ATAT AT ATT 

AAbAlAi AI 1 


ATCTTGATAA 


AAAGGAGTTG 


AT CAT C AGGA 


CGGATAGTCA 


AGCGATAGTC 


240 




AG i I i G 1 ALA 


AGAAGAGTAG 


T GAC C AC AAA 


CCCTCAAGGG 


TAAGATGGTT 


AGCTTTCACT 


300 




rAr , TAT7\T/* , 7\ 

bAL 1A1A1 C A 


C T G G AAC AG G 


ATTGGATGTG 


AAGTTTGAGC 


AT AT T GAC GG 


CAAGGATAAT 


360 




G I GG 1 AGGAG 


A^ACTCTGTC 


AAGGCTAGTA 


AAAAT CAT AT 


GCCACAAGGA 


GAAAC AT C C A 


420 




T A /- 1 A A A A A 

i GAGAAAC AA 


TAT T GAT C AA 


CGTTGCAGAA 


GAAATACTTC 


AGAAAGGAAG 


TATTGGAGCA 


480 


30 


A A A A /"* A AA/^T 

AAAAbAAAG 1 


T G G GAGAAAT 


GATAAGTGGA 


TATGAAGCTT 


GGATGACAAG 


AATCCAAGAA 


540 


f'AfA A A AT/^A 

bALAAAA r C A 


AG AC AC T AAC 


ACTTATCGAA 


AAACCAGTTT 


TTAAATGTGG 


TTGCAGGAAA 


600 




bb 1 bib- 1 AGGG 


TTCACACGTC 


CAGGAC AT CA 


AGAAATCCGG 


GAAGAGAATT 


T TACT CAT GT 


660 


35 


GAAAATAAAG 


CATGTTTCAC 


TTGGGTATGG 


AAGGAT CAGA 


T T GAT G AAT A 


CGTTCAAGAA 


720 




GTGATGACGT 


GGAACGACCA 


AGTAAGCCAG 


TTGCCAGAAG 


AACCAGAAGG 


CTACAATGAA 


780 


40 


GGATGCACGA 


TTGAAGACGC 


ATTCGATCTG 


CTAGACGTCA 


GC AAT GAC G A 


TCAATGGGCA 


840 


AGGTCGTAAG 


C CAT GAC GT A 


GCGGAAGTGA 


T GGAC C C CAT 


ACCACTGGAT 


GGCACTAACC 


900 




AGTGTGACAA 


GGATACGAGA 


TGCCAAGTGA 


GCTGGATAGC 


ACTCACTTTA 


TGTAAAGAGT 


960 


45 


GGTCTGCGTA 


CCAACTCCAC 


TATAGTCTGT 


CTGAGGTGCG 


ATGCTGTGTC 


ACGCACAAAG 


1020 




ACTTTAGATT 


CCTTTGCGTG 


AGATGTACGC 


AAAGCAGT GT 


GTCCAGAGTG 


TGCTGTGACG 


1080 


50 


CGTCCCTTGC 


ATTATTGGTG 


GGTGCACCTA 


ACGATGCGGG 


AAGCCGAACT 


CCCTCTATAA 


1140 


ATAGGACCCC 


GTGTATTCAG 


TTGCAAGCAC 


G C AAC AC AAC 


GCGAGCTTAC 


TTCTGAGAAG 


1200 




AAATAAGAAC 


AATTTGTGCT 


T G AAAT AC AC 


CTTGTGTCAA 


GAGTGTGAGT 


AGAGCGCAAG 


1260 


55 


ATCCGTGTTG 
GT 


GGAAATCCGT 


GCCGTTCTGG 


AAATCCGTGC 


CGTTCTGGTA 


TCAGAGCTTT 


1320 
1322 



60 (2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1297 base pairs 
(E) TYPE: nucleic acid 
65 (C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
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(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 

5 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Unnamed badnavirus 
(C) INDIVIDUAL ISOLATE: Goldfinger 

10 SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

AT AAT CAT T G AGACGGACGG AT GT AT GGAT GGTTGGGGTG GCATTTGCAA AT G GAAGT T A 60 

AACAAAGGGG AACCCCGATC CGCTGAAAAG ATCTGTGCTT ATGCAAGTGG ACGTTTCAAC 120 

15 

C C CAT C AAAG GAG C TAT T G A CGCTGAAATA CAGGCTGTTA TCTACAGTCT AG AAAAAT T T 180 

AAGATTTACT ATCTCGACAA AAAG GAG CTT ATTTTAAGGA CTGACAGCAA GGCAATTGTC 2 40 

20 AGGTTCTACG AGAAATGTTC AGAACACAAA CCCTCTCGTG TCCGATGGAT GACTCTAACT 3 00 

GACTACATCT CGGGATGCGG AGTTAAGGTA TATTTTGAAC AC AT T GAT G G AAAAGATAAT 3 60 

ACACTTGCAG AC GAACTAT C ACGACTTGTT CAAGCAATTC TCATCAACAA AGAAGAATCT 42 0 

25 

CCTACAATAC TATCTCTAAT CAAAGCAACA ACGGAGGTAT T AC AAAAG G A AAATCCTATT 4 80 

TCCAGGAGTA GATTAGCTCT ATGCATTTCC AG AG C AC T G G GTAACAAATA TCAAGTCAAT 54 0 

30 T T C AT AAC T T GGGAACAACC CCAGCTGAAG TGTGCCTGTG G AGAAAAT G C CGTACTCCTT 600 

ACTTCACATA CCAGCCGAAA TCCAGGACGG AG AT T T TATA GATGCGGTAC CAACACTTGC 660 

CAT GTAT GGT ACTGGGCTGA TCTAATCGAA GAT TAT AT T G C GCAAC T TAG CAATCTTCAG 72 0 

35 

AATCTTGACT CAGGACAAGC AGATGATGAA GGATGGGCCT AT C AAACAGA AG AT C T GAT C 7 80 

AACCCAGAAG ATCTGGCCAA C T C C G AC AT A GACGACCCTC CAGAAGACTC AG GACT ATT C 84 0 

40 C AC C G AC AT G AT GACTAAGG CGGACGTGGT GGAC CCAGCA ATAATGAAGG AATCCAATTC 900 

CTTACTTCAC CGGGTTCATT AT T AAAGAG C CTTTACAGCT CATACCCTTA TTAATAAT GT 9 60 

TAGTGCTTGT ACTATTGTGC TTTGCCAGCA CATACTGGCG TGTAAAGGCA TCTGGTTGTC 102 0 

45 

CCCAGAAGGC CTAAAGTTAG TGCGTTCCAA CGCACATCTG TGTGTAAAGG TATCTGGCTG 108 0 

TTTCCAGACG CTACCTCCCT CTTTTCTCCT CCCGTCCATA TAAGGAGGCA GAACCTAAGT 114 0 

50 GTTTCAGGCA TCGAGGGAAA TACCCATCTG CCTAATCCAC TTCCAGTGTT TTCCAAAGCA 12 00 

GCTGAAGTTT TCAGTCTGTG AGTAGAAAGC AAGATCCTTG TAAGAATTTT TGAGAAGTTT 12 60 

ATATTTGATT TCTCCCCATC T G GT AT C AGA GCGATAT 12 97 



55 



(2) INFORMATION FOR SEQ ID NO: 4: 



(i) SEQUENCE CHARACTERISTICS: 
60 (A) LENGTH: 26 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

65 (ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "DNA primer" 

(iii) HYPOTHETICAL: NO 
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(iv) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
CCCAGGAATA AACACGATTA TCAGTC 2 6 

(2) INFORMATION FOR SEQ ID NO: 5: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 
15 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acici 

(A) DESCRIPTION: /desc = "degenerate DNA primer" 

20 (iii) HYPOTHETICAL: NO 



(iv) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
CACCCCCGGG MYMWNGCTCT GATACCA 2 7 

(2) INFORMATION FOR SEQ ID NO: 6: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
35 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "degenerate DNA primer" 

40 (iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
AATAGCGGCC G CAT HAT HAT HGARACNGA ?q 



(2) INFORMATION FOR SEQ ID NO: 7: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
55 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE : other nucleic acid 

(A) DESCRIPTION: /desc = "DNA primer" 

60 (iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 



AGAGGCGCCC CTGGTATTGG 20 
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(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 20 base pairs 
5 ( B ) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
10 (A) DESCRIPTION: /desc = " DNA primer" 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
AGATGGTGCG CTCCTGGACG 20 



15 



20 



35 



40 



2) INFORMATION FOR SEQ ID NO: 9: 



(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 20 base pairs 
25 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
30 (A) DESCRIPTION: /desc = "DNA primer" 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 
CCTAACGATG CGGGAAGCCG 2 0 



(2) INFORMATION FOR SEQ ID NO: 10: 



(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 21 base pairs 
45 (B) TYPE: nucleic acid 

<C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
50 (A) DESCRIPTION: /desc = "DNA primer" 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

55 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
CTTGTAACGC GCTTTCCCAC C 21 

60 
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CLAIMS 

1 . A promoter operative in a plant cell, said promoter comprising: 

1) isolated DNA from a badnavirus having a sequence as defined by SEQ ID NO: I. SEQ 
ID NO: 2 or SEQ ID NO: 3; 

2) isolated DNA which is a viral homologue or a plant genome-derived variant of the DNA 
of(l); 

3) a promoter-active portion of the isolated DNA of ( 1 ) or (2); 

4) an isolated DNA which hybridises under stringent conditions to the DNA of ( 1 ) or (2); or 

5) a promoter-active portion of the isolated DNA of (4). 

2. The promoter according to claim 1 comprising nucleotides 1538-2105 of SEQ ID NO: 1, 
nucleotides 850-1322 of SEQ ID NO: 2, or nucleotides 859-1297 of SEQ ID NO: 3. 

3. The promoter according to claim 1 comprising nucleotides 1806-2105 of SEQ ID NO: 1. 
nucleotides 1023-1322 of SEQ ID NO: 2, or nucleotides 998-1297 of SEQ ID NO: 3. 

4. A DNA construct comprising at least one gene having at least one promoter according to claim 
1 operatively linked to a coding sequence. 

5. The DNA construct according to claim 4, wherein said at least one promoter comprises 
nucleotides 1538-2105 of SEQ ID NO: 1, nucleotides 850-1322 of SEQ ID NO: 2, or nucleotides 859- 
1297 of SEQ ID NO: 3. 

6. The DNA construct according to claim 4, wherein said at least one promoter comprises 
nucleotides 1806-2105 of SEQ ID NO: 1, nucleotides 1023-1322 of SEQ ID NO: 2, or nucleotides 
998-1297 of SEQ ID NO: 3. 

7. The DNA construct according to claim 4, wherein said coding sequence encodes an RNA or a 
polypeptide. 

8. A DNA construct comprising: 

1) a first gene having at least one promoter according to claim 1 operatively linked to a 
coding sequence; and 

2) a second gene having a promoter operatively linked to a coding sequence, wherein the 
expression product of said second gene coding sequence modulates the activity of the expression 
product of said first gene coding sequence. 

9. The DNA construct according to claim 8, wherein said first gene promoter comprises 
nucleotides 1538-2105 of SEQ ID NO: 1, nucleotides 850-1322 of SEQ ID NO: 2, or nucleotides 859- 
1297 of SEQ ID NO: 3. 

10. The DNA construct according to claim 8, wherein said first gene promoter comprises 
nucleotides 1806-2105 of SEQ ID NO: 1, nucleotides 1023-1322 of SEQ ID NO: 2, or nucleotides 
998-1297 of SEQ ID NO: 3. 
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11. The DNA construct according to claim 8, wherein said first gene encodes an RNA or a 
polypeptide. 

12 A method of expressing a product in a plant cell, said method comprising introducing a DNA 
construct according to claim 2 or an RNA transcript of said construct into cells of a plant, wherein 
5 said DNA construct or RNA transcript coding sequence encodes said product. 

13. A plant cell, wherein the genome of said plant cell includes a DNA construct according to claim 
4 or claim 8. 

14. The plant cell according to claim 13, wherein said plant is a monocot, a dicot, a g\TTtnosperrh or 
a fern. 

10 15. The plant cell according to claim 14, wherein said monocot is a species selected from sugarcane, 
banana, maize, millet or sorghum. 

16. The plant cell according to claim 14, wherein said dicot is a species selected from tobacco, 
canola. Tipu tree or Nicoticma benthamiana. 

17. The plant cell according to claim 14, wherein said gymnosperm species is radiata pine. 

15 18. A plant, plant tissue or reproductive material of a plant, wherein said plant, plant tissue or 
reproductive material comprises cells according to claim 13. 
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Fig. 5 



BNSDOCID: <WO 9900492A1 > 



WO 99/00492 



6/18 



PCT/AU98/00493 



CO 
<D 
> 
03 

_g> 

CD 
N 

05 

E 



g 

CO 
CO 

X 
CD 



22 

CO 

cz 

CO 



CO CD 



CD 

o> o 

CM CO 



o to 
CO oo 
CD CO 



CD 00 
CD h- 
h- 0O 




<© 



BNSDOCID: <WO 9900492 A1> 



WO 99/00492 



PCT/AU98/00493 



7/18 




Fig. 7 
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